In this paper, we consider the optimum coordinate of the penta-graphene. Penta-graphene is a new stable carbon allotrope which is stronger than graphene. Here, we compare the band gap of pentagraphene with various density functional theory (DFT) methods. We plot the band structure of pentagraphene which calculated with the generalized gradient approximation functional HTCH407, about Fermi energy. Then, one-shot GW (G 0 W 0 ) correction for precise computations of band structure is applied. Quasi-direct band gap of penta-graphene is obtained around 4.1-4.3 eV by G 0 W 0 correction. Penta-graphene is an insulator and can be expected to have broad applications in future, especially in nanoelectronics and nanomechanics.
Introduction
Carbon is one of the most compatible elements in the environment. Carbon has various allotropes including graphite, diamond, carbon nanotube, fullerene and graphene. Among these structures, two-dimensional carbon structures, have been attracted special interest, because of the vast applications of twodimensional systems [1] [2] .
In 2004, graphene created via micromechanical cleavage of graphite, by a group in Manchester [3] . Graphene is a flat surface of carbon atoms and two-dimensional systems which has three dimensional sp 2 hybridized carbon. This nanostructure has widespread applications in nanotechnology for its particular structure and specific electronic properties. Graphene has two atoms in its unit cell which are located in honeycomb structure. It has a linearrelativistic-like band structure consisting of two cones that meet at the so-called "Dirac-point". Energy gap of graphene is zero, which leads to semi-metal behavior in graphene [4] . Graphene has significantly different properties. It conducts electricity better than gold or silver and heat better than diamond. Graphene is transparent and one of the most flexible material. It is good device for supercapacitors. Therefore, graphene could revolutionize industries, because of its unique properties [5] . The successful production of graphene has encouraged scientists to investigate novel graphene allotropes [6] [7] [8] .
Pentagon and hexagon are two basic structures for carbon nanostructure. The topological defect or geometrical frustration in carbon, are usually has a pentagon form [9, 10] .
Recently, considerable efforts focused on stabilization of pentagon-based carbon. In early 2015, researchers at Virginia, China and Japan have proved that a new two-dimensional carbon allotrope which merely consists of pentagon structures could exist theoretically [11] . They showed that this structure has got dynamical, thermal and mechanical stability. Penta-graphene is extracted from T12-carbon phase [12] . This phase is obtained by heating an interlocking-hexagon-based metastable carbon phase at high temperature [11] .
In present work, the band structure of penta-graphene is computed by using different density functional theory (DFT) approximations. We also report indirect band gap by different DFT functional methods and quasi-direct band gap of penta-graphene is showed. As we know, DFT band gap value is weak in semiconductors. Hence, we use G 0 W 0 for improving the band gap value.
Computational method
In this computation, we use ABINIT code, this code is based on pseudopotentials and plane waves. By using ABINIT code, we can compute total energy, charge density and electronic structure. Exited states can be measured from time dependent density functional theory and many body perturbation theories [13] .
DFT is the most successful approach which is broadly used in condensed matter and computational physics for describing properties of condensed matter systems. The main idea of DFT is to describe a many body interacting system through the particle density [14] . DFT calculations use Kohn-Sham (KS) method. The Kohn-Sham applies standard independent-particle methods for estimating the exact density and energy of a many-body electron problem [15] . An accurate DFT computation is possible via approximation exchange-correlation (xc) potential. Although calculating of the exact xc potential is impossible, there are some approximations for estimating it; One of them is local density approximation (LDA). In LDA, the xc energy per electron at point r substitutes by a homogenous gas which has the same electron density at point r. Another approximation is generalized gradient approximation (GGA), which uses both n(r) and ∇nðrÞj . The LDA and the GGA functional underestimate Kohn-Sham band gaps systematically [16] .
DFT is concerning only ground state properties. Computing band gap needs at least an electron in the conduction band, which is an exited state and therefore is not within ground state. Thus, it is necessary to go beyond DFT.
GW approximation is a many body perturbation theory and is based on Green function, quasiparticle conception and an expansion of exchange correlation self-energy. It is usually carried within RPA 1 which in this approximation the vertex function in reciprocal space is estimated by the screened coulomb interaction [17] . In the GW approximation, the self-energy operator is given by the product of the one-electron Green function (G) and the screened coulomb interaction (Ʃ ¼iGW). Usually, the GW calculation is performed using perturbation theory from LDA (GGA) result, which provides a quite efficient starting point.
The band gap result in the GW quasiparticle energies are in excellent agreement with the available experimental data [18] .
Computing the full self-consistent GW method for real systems is very controversial, so that the most usual approach is using the best approximation for G and W as a starting point (the so-called one-shot GW or G 0 W 0 ) [19] . G 0 W 0 is a first order correction to a single particle Hamiltonian. Here, we use one-shot GW (G 0 W 0 ) for improving band structure.
Results and discussion
The optimum crystal structure of two-dimensional pentagraphene is prepared by exfoliating from T12-carbon. This structure has symmetry p À 42 1 m and it can be described by tetragonal lattice, with six carbon atoms per unit cell where a ¼b¼3.64 Å are the optimized lattice constants. The thickness of this twodimensional sheet is 1.2 Å. This structure has two hybridization sp 2 and sp 3 . The sp 3 and sp 2 hybridizations have nominated by C1 and C2, respectively, that C1:C2 ratio is 1:2. The bond length of single bond (C1-C2) is 1.55 Å and the bond length of double bond (C2-C2) is 1.34 Å. By applying these specifications, we find optimal structure with ABINIT code. Our optimized lattice is figured out in Fig. 1 . An optimized lattice constant is obtained 3.64 Å which agrees with previous calculations [11] .
In the following, we use DFT-GGA and DFT-LDA calculations in the form of different exchange-correlation (xc) functions (based on the Kohn-Sham eigenvalues). In this computation, vacuum alone the z direction is 10 Å. This parameter is converged, so that the penta-graphene layer becomes isolated. The plane wave basis set is 50 Hartree that total energy converges to 1 meV/atom. We use Martins-Trouiller pseudopotential [20] .The kpoint set is based on a 18 18 1 Monkhorstpack grid [21] . The band structure of pentagraphene is determined by DFT-LDA approximation, therefore we could compute band gap of penta-graphene in this approximation. Our result is showed in Table 1 . Band gap in this computation is around 2.3 eV (2.21-2.36 eV). 
